I . Plasma concentrations of insulin, cortisol and growth hormone, and growth velocities have been measured in a group of Gambian village children up to 3 years of age. All three. hormones showed changes in concentration with age, as did rates of growth.
Children living in the village of Keneba in The Gambia exhibit marked faltering of growth, particularly during the second half of infancy. As judged by the standards of Stuart & Stevenson (1954) as modified by Jelliffe (1966) , the mean weight-for-age of these children has been shown to fall quickly during the first year of life, reaching about 75 % at I year, at which level it remains until at least the age of 3 years. The expected height-for-age also decreases, reaching a minimum value of 88 % during the third year of life (Whitehead et al. It has been demonstrated that these abnormalities in growth performance are associated with a number of environmental constraints. Despite prolonged breast feeding up to 18 months of age or more, a dietary deficit has been shown to occur starting between 3 and 6 months of age. At that time maternal breast milk supplies no longer satisfy all the energy requirements of the growing child (Whitehead et al. 1978 ) and the traditional cereal-based weaning food fails to bridge the 'energy gap' (Whitehead, 1976) . At this age, too, the children are increasingly subjected to an intolerable burden of infections and infestations (McGregor et al. 1970) of which gastroenteritis and malaria have been shown to cause significant impairment of growth in weight and height (Rowland et al. 1977; Whitehead et al. 1977) . Little is known, however, of the detailed mechanisms by which these different environmental factors may inhibit growth. Apart from a simple lack of nutrients it was possible that alterations in the balance of those hormones which control the rate of growth might also be important. For example, stress, particularly that associated with illness, is known to induce elevated plasma corticosteroid concentrations, which inhibit protein synthesis in skeletal tissues and consequently cause growth retardation (Catt, 1970~) . It has also been reported that severe deprivation can result in child dwarfism, and that in such children plasma growth hormone concentrations are abnormally low and do not show the usual response to ~ various stimulation tests (Brasel, 1973 ; Krieger, 1973) . These changes in hormone balance would interact with those arising from the diet itself; an inadequate food intake results in reduced plasma concentrations of insulin, and low levels of this hormone cause loss of weight and decreased growth (Catt, 197ob) .
The longitudinal study into the epidemiology of malnutrition at present being conducted in The Gambia has afforded the opportunity to investigate the relationship between growth and plasma concentrations of insulin, cortisol and growth hormone more fully. A parallel investigation has also been carried out into the correlations between hormonal balance and growth in protein and energy malnourished rats.
E X P E R I M E N T A L

Children
The 179 children in the study were living in one of three villages -Keneba, Manduar and Kantongkunda -all of which are situated in the Kiang West region of The Gambia. They were participants in a broadly-based longitudinal study of diet and rural child health and, in addition to the collection of dietary information, the medical and nutritional status of each child was assessed at least monthly during the first 3 years of life . Regular routine and sick-children clinics were held and appropriate medical therapy given whenever required. Routine blood samples for monitoring of haemoglobin levels and screening for malarial parasites were taken at monthly intervals and plasma was available for hormone assays. Blood was collected between 08.00 and 10.00 hours into heparinized tubes and since it is not the custom to eat breakfast, the samples can be regarded as essentially fasting ones. The plasma for hormonal assay was deepfrozen and flown to the Dunn Nutritional Laboratory in Cambridge, UK, where it was stored at -20' until analysed. Weight was measured using baby-weighing scales (Todd's Scale Works, Cambridge) and supine length using a Harpenden stadiometer (Holtain Ltd, Dyfed).
The results presented in this paper were collected over a 9-month period. Ages at the start of the study ranged from 3 months to over 2 years, and almost all children completed the full course of the investigation.
Animals
Male rats from the Dunn Nutritional Laboratory strain of specific-pathogen-free hooded rats were used in the experiment. The three diets used were as described by Coward et al. (1977) , with protein:energy (P:E) values of 0.21, 0.032 and 0.005. Animals were weaned at 3 weeks of age onto the high-protein-containing diet on which they were maintained for 2 weeks. At this time they were weighed, and forty-two rats randomly allocated to each of the three diets. Seven animals on each diet were fed ad lib. but the food consumption of the other groups of seven was restricted such that they consumed 90, 80, 70, 60 and 50 % of the mean intakes (g/kg body-weight) of the rats fed on the respective diets ad lib. This rather complicated dietary procedure arose because the rats were also part of another more extensive experiment into protein-energy malnutrition.
After 2 weeks the animals were weighed, then killed by exsanguination under diethyl ether anaesthesia and their plasma was stored at -2 0 ' before analysis.
Analytical methods
Plasma corticosterone in rats was measured using a competitive protein-binding method (Lunn et al. 1976) . Plasma cortisol in the children was measured by a similar procedure except that the corticosteroid-binding globulin reagent contained 10 ml rabbit serum plus 50 pCi [3H] cortisol in I 1 0.05 M-phosphosaline buffer, pH 7.4, and cortisol standards were used.
Insulin was estimated by the method C of Hales & Randle (1963) with reagents supplied in kit form by the Radiochemical Centre, Amersham, Bucks., and using a standard preparation of human insulin from Wellcome Reagents Ltd, Beckenham, Kent. In the analysis of plasma samples from the children, the use of the kits differed from that recommended by the manufacturers in that standards in the range 0-10 ,uU/ml were introduced, the concentration of insulin-binding reagent was decreased by 50 % compared to the recommended level, and the incubation period increased. These modifications gave a greater sensitivity over the low range in which most of the values were found. Human growth hormone measurements were carried out by the double-antibody radioimmunoassay method of Molinatti et al. (1969) with materials produced in kit form by CEA-IRE-SORIN supplied by Eurotope Services Ltd, New Barnet, and using a human growth hormone standard prepared at the Clinical Physiology Laboratory of the National Research Council, Pisa, Italy.
Rat growth hormone concentrations were assayed by a double-antibody radioimmunoassay technique using materials supplied by the NIAMDD rat pituitary hormone distribution programme (Lunn & Austin, unpublished results) .
RESULTS
Children
The mean monthly growth velocities for both height and weight of the Gambian village children are shown in Fig. ~ Jelliffe (1966) .
Height growth was well below the standard even during early infancy, and this deficit became more marked in the second year. Throughout the first 2 years the mean rate of growth in height was only about 60 % of normal. The rate improved to equal the standard, however, during the third year of life.
With weight gain, the most marked faltering occurred during the first year, particularly in the 0.6-1.0 year period, when the mean growth of the children was only about 11 % of that expected. During the second year the children still only averaged about 45 % of the standard rate but then, as with height growth, there was some improvement during the third year. The corresponding changes in mean plasma concentrations of cortisol, insulin and growth hormone are summarized in Fig. 2 . Plasma insulin concentrations up to 6 months of age were about the expected value, but decreased sharply after this period, reaching a minimum between 12-15 months of age. In contrast, mean cortisol and growth hormone concentrations both increased until the middle of the second year of life, but from then onwards decreased to values considered normal for children of this age (Lunn et al. 1973 ).
Plasma hormone concentration and growth Preliminary analysis of the hormone concentrations showed them to have markedly skew distributions, with standard deviations increasing in step with the mean. For these reasons the hormone values were transformed to their logarithms prior to further analysis. Heights and weights have been analysed untransformed.
For each child, a regression line v. time was fitted through the individual heights and weights to give estimates of height and weight gain per month over the period studied. The log concentrations of insulin, cortisol and growth hormone were averaged over all the samples from each individual. The following correlations were then observed between these measurements.
Insulin. Although plasma insulin concentration did correlate with weight velocity (r 0.30, This relationship is shown in Fig. 3 ; the higher the insulin concentration, the faster the children were growing. Cortisol. The cortisol results contrasted with those for insulin in that there was a negative correlation with growth. As for insulin, this was more marked with growth in height (r 0.51, P < 0.001) than in weight (r 0.34, P < 0.001). The result with height gain is shown in Fig. 4 .
Insulin and cortisol have directly opposite metabolic effects as regards protein metabolism, and it is therefore reasonable to suppose that it is the balance between these hormone concentrations which is the important factor. Values for insulin :cortisol concentration were therefore calculated and compared against growth. As predicted, the inclusion of both hormones as a ratio gave significantly stronger correlations (P < 0.001) than for either hormone individually (r 0.64 with height velocity and r 0.39 with weight velocity, both P < O.OOI). The correlation of insu1in:cortisol v. height gain is shown in Fig. 5 .
Growth hormone. The relationship between this hormone and growth was much less marked than for either insulin or cortisol, and there was a negative correlation with both height gain (r -0-33, P < 0.001) and weight gain (r -0.32, P < o-001).
Age standardization. The preceding analysis indicates that in general children with a high insu1in:cortisol value grow faster than those with lower values. However, it is clear from Figs. I and 2 that the lowest plasma cortisol and the highest insulin concentrations are seen in the youngest children, who as one would expect are those with the faster rates of growth. Consequently it was important to know to what extent age had contributed to the correlations shown in Figs. 3-5. This was established using multiple regression analysis, with each child's mean growth rate as the dependent variable. Due to the shape of the growth curve, the effect of the variation in age of the children was removed by fitting a quadratic equation in age, computed for each child as the age at the mid-point of their time in the study. The hormone effect was included simultaneously as the third variable. This procedure confirmed that some of the growth rate v. hormone correlation was accounted for by changes of these two parameters with age. However, there remained highly significant partial correlations between height gain and insulin, cortisol and insu1in:cortisol (P i O.OOI), showing that the relationships described do hold after standardizing for age.
Similar treatment of the weight velocity values demonstrated that cortisol and insulin :
cortisol remained significantly correlated (P < 0.05), but not insulin (P < 0.1). After age standardization, growth hormone showed only a marginal negative correlation with height gain (P < 0.05), but was more strongly related to weight gain (P < 0.01).
Rats
The change in body-weight of the rats fed for 2 weeks on the dietary regimens described ranged from + 98 g on the higher-protein diet fed ad lib. to -30 g on the lowest-protein diet fed at 50 % restriction. The concentrations of insulin and corticosteroids changed in a way similar to that observed in the children, insulin being highest and corticosterone lowest in the fastest growing rats. The rates of growth in weight were compared with the corresponding plasma concentrations of these hormones in a similar way to the 'child' results, and are shown in Figs. 
6-8.
Both insulin (r 0.81, P < O.OOI), and corticosterone (r -0.62, P < O*OOI), were correlated with weight gain, but the strongest relationship was again between growth and insulinglucocorticoid (r 0.84, P < 0.001). Plasma growth hormone concentrations showed only a marginally significant correlation with the rate of weight gain (r 0.26, P < 0.05). It differed from the results obtained from children in that the relationship was positive.
DISCUSSION
The wide range of plasma hormone concentrations which were observed during the first 3 years of life in rural Gambian children must be considered in the light of the huge burden of infection experienced, as well as the dietary inadequacies. For example, increased plasma cortisol concentrations are known to occur in association with many infections. The particular importance of gastroenteritis in relation to growth faltering in Gambian children has been demonstrated by Rowland et al. (1977) . Anorexia, nutrient loss due to diarrhoea and vomiting and a consequent tendency towards low blood glucose concentrations, might be expected to increase glucocorticoid output. Likewise plasma insulin concentrations are probably decreased partly for the same reasons and also because of the rather low energy intake of the children (Whitehead et al. 1977) . The cause of the growth hormone changes is more obscure. The over-all pattern of change with age is very much like that of cortisol, and may be due to similar stimuli; stress and hypoglycaemia. Alternatively, it is possible that it is a response to the severe height and weight deficit of these children. Plasma growth hormone concentrations have, for example, been shown to be very high in the severelyunderweight Laron dwarf (Laron et at. 1968) .
Regardless of the adequacy of the diet, children with such hormonal patterns wouId be expected to exhibit abnormal growth and development. In this paper, it has been shown that plasma insulin concentrations were positively, and cortisol negatively correlated with growth in both height and weight. Also, that plasma insulin :cortisol was more strongly correlated with growth rates than either hormone alone. In contrast growth hormone concentration showed only a weak and negative relationship with the rate of growth of the village children. Similar results for insulin and cortiscosterone were obtained from the rat experiment, but there growth hormone showed a weak positive correlation with weight gain.
The results suggest that the adverse environmental conditions affecting the Keneba village children, i.e. the synergistic effects of the nutrition-infection interaction, do exert their effects on growth rates partially via alterations in the pattern of plasma hormone concentrations. The similarity of the hormonal patterns with those seen in disease-free rats could be interpreted as an indication that some changes at least were primarily related to nutrition and growth rather than to the spectrum of infectious phenomena.
The present results are in accord with the suggestion made by Laron et al. (1972) that the concentration of plasma insulin rather than growth hormone correlates best with growth. More recently Daughaday, et al. (1976) have also come to similar conclusions. The present The mechanisms by which hormones affect growth even in healthy children are complex. Growth occurs by both hypertrophy and hyperplasia, and in children of the age studied both processes should be active, with hyperplasia probably being the more important (Cheek, 1972) . Growth hormone appears to be essential for this process, and a total lack of this hormone results in severe dwarfing. Insulin and cortisol, however, are known to modify the effectiveness of growth hormone in promoting hyperplasia, insulin causing an increase in efficiericy (Laron et al. 19721 , and cortisol resulting in a decrease (Goldberg & Goldspink, 1975; Loeb, 1976) . It seems unlikely that high concentrations of glucocorticoids such as those found in some Gambian children have retarded growth by inhibiting growth hormone release, as it has been shown that children treated for long periods with high levels of corticosteroids still exhibit a normal response to arginine or insulin stimulation tests, even though growth has been retarded (Morris et Root et al. 1969; Rappaport et al. 1973) . The concomitant increase in plasma cortisol and growth hormone concentration in the Gambian children is therefore not metabolically incompatible.
Somatomedin plays a central role in growth metabolism, and recently it has been suggested that insulin and cortisol can both affect the rate of somatomedin generation by the liver. In perfused rat liver preparations, insulin has been shown to act synergistically with growth hormone in the stimulation of somatomedin production (Daughaday er al. 1976 ). In contrast, children treated with corticosteroids had low serum SomatQmedin levels despite normal or increased growth hormone concentrations (Elders et al. 1975) , and it seems likely that this is due to an inhibition of somatomedin generation (Phillips, et al. 1973) . It is unfortunate that extensive assays for somatomedin have not yet been possible in the rural Gambian children, However, in a few assays that were performed using the embryonic chick pelvic girdle technique (Hall, 1972) , values were low and particularly so in the hospitalized children with severe marasmus ; concentrations also increased with dietary therapy. Unfortunately, the physiological interpretation of these findings is not straightforward, as Froesch et al. (1976) have recently shown that assays of this type are susceptible to interference by a variety of other serum constituents. The somatomedin assays in South African cases of severe kwashiorkor, which also resulted in low values, were measured using a similar bioassay technique (Grant et al. 1973) . A radio-receptor assay for somatomedins A and C has now been developed (Van Wyk et al. 1975) and it is hoped shortly to assess the concentration of these hormones in the village children by this direct method. 
